Upper respiratory tract infections or common colds are a multi-symptom disease which is usually symptomatically treated with fixed dose multi-active ingredient medicinal products which are commonly used as non-prescription and over the counter. However, the active ingredients combined require a particular and clinically sound justification. Analgesics and decongestant can be combined to treat simultaneously the prominent symptoms cold-related pain (e.g. headache, muscle aches and pains), fever, inflammationand nasal/sinus congestion. This overview provides a summary of the evidence supporting the combination of acetylsalicylic acid (aspirin) and pseudoephedrine available in the common cold product Aspirin  Complex.
Introduction
Acute upper respiratory tract infections (URTI) which are commonly known as common cold and flu are one of the most common diseases of humans with adults suffering from 2 -5 symptomatic infections each year and school-children from 7 -10 each year [1] . Over 200 serologically different viral types from eight different groups of viruses are responsible for human URTI's with the rhinoviruses being the most common cause [1] [2] . The symptoms of URTI's are so common that self-diagnosis is normal amongst the general public [3] and symptomatic self-treatments with nonprescription medicines are the most common therapy.
Common cold and flu are multi-symptom illnesses which justify the use of multi-ingredient combination products [4] . The rationale for the fixed combination products for common cold and flu is practicable, logical and reasonable when some requirements are fulfilled [5] . First the simultaneous appearance of the symptoms is crucial. The constellation of symptoms makes the common cold and flu unique among common diseases as no other condition has such a range of symptoms that occur simultaneously. Each symptom can be treated with a separate active ingredient, but multi-symptom relief, using combination products with multiple active ingredients is recommended by many pharmacists [6] .
The time course of the progression of the symptoms is characterized by the early simultaneous appearance of sore throat, headache, body aches and pains and nasal related symptoms later followed by cough [4] [7] [8] [9] . The fixed combination product should be pharmacologically plausible and based on valid therapeutic principles [5] . The possibility of interactions between the active pharmaceutical ingredients of the fixed combination needs to be considered and the release of the active substances for the symptomatic treatment of common cold and flu has to be adjusted to the presence of the symptoms.
Fixed combinations of analgesics and decongestant are commonly used for symptomatic treatment of common cold and flu [4] [10] [11] . The rationale for the treatment is that nasal congestion and pain commonly occur simultaneously and that a combination medicine provides a simplification of therapy compared to use of an analgesic and a decongestant as mono-therapies [4] .
Aspirin
 Complex is a fixed combination medicinal product consisting of the analgesic active 500 mg acetylsalicylic acid and the decongestant active 30 mg pseudoephedrine. Acetylsalicylic acid (aspirin, ASA) is a nonsteroidal anti-inflammatory drug with analgesic, antipyretic and anti-inflammatory properties. It's efficacy in fever [12] and acute pain [13] has been frequently shown with randomized controlled clinical trials in several pain model [14] - [17] . Pseudoephedrine (PSE) is an α-sympathomimetic vasoconstrictor given orally for the relief of nasal congestion. The efficacy and safety of PSE is proven and well established [18] . Aspirin  Complex is provided as a granule formulation in sachets. It is used for the symptomatic treatment of cold-related pain and fever and congestion of the nasal passages and ostia of the paranasal sinuses caused by upper respiratory tract infections in doses of 1 -2 sachets per administration with a daily dose of up to 6 sachets, corresponding to a maximum daily dose of 3000 mg acetylsalicylic acid and 180 mg pseudoephedrine.
This review presents in vitro dissolution data and clinical evidence of pharmacokinetics, efficacy and safety of this medicinal product and a justification of this multi-ingredient combination product for the symptomatic treatment of common cold and flu.
Dissolution
Medicinal product formulation and its excipients have a substantial impact on bioavailability of active pharmaceutical ingredients and in vitro dissolution of a formulated drug provides useful information about its biopharmaceutical prop- Evaluation of the dissolution release profiles of the three products studied shows differences in release rates for both the analgesic component and the decongestant component of the medicinal products. Figure 1 and Figure 2 show the respective dissolution profiles at pH 1. 
Pharmacokinetics

Drug-Drug Interaction Study
Fixed combination products have to provide evidence that the active ingredients are not interacting and consequently not impacting the bioavailability of its active ingredients. The fixed combination product Aspirin  Complex has been proven for potential interactions of the actives ASA and PSE in a 3-fold crossover study with 12 healthy male subjects [20] . Each subject received in a randomly assigned order 500 mg ASA plus 30 mg PSE and 500 mg ASA and 30 mg PSE. The median age of the subjects was 29 years (range: 21 -42 years). The results of interaction study for maximum plasma concentrations (C max ), area under the curve (AUC) and time to maximum plasma concentrations (T max ) are presented in Table 1 . With respect to the pharmacokinetic parameters C max , AUC and T max equivalence for the analytes ASA, salicylic acid (SA, hydrolysis product and active metabolite of ASA) and PSE can be concluded. Therefore a drug-drug interaction of the two active ingredients in Aspirin Complex® can be excluded.
Bioavailability Studies
The overall bioavailability of Aspirin  Complex has been evaluated in three additional pharmacokinetic studies. All studies were unblinded cross-over studies with 24 evaluable patients conducted in 2004 in Germany (study 1, IMP 11757) [21] , with 30 evaluable patients conducted in 2011 in Canada (study 2, IMP 15,776) [22] and with 26 evaluable patients conducted in 2011 in Australia (study 3, IMP 14,892) [23] . All studies were sponsored by Bayer AG and followed the same standard protocol for pharmacokinetic studies provided by the sponsor.
The mean and median results for C max , AUC and T max for the individual studies and the statistical summary across studies are presented in Table 2 . Two studies Acetylsalicylic acid has a relatively low T max . The maximum plasma concentration is already achieved within 15.6 minutes. The first and active metabolite of and AUC 0-∞ geometric mean/geometric CV (%) (range) and T max median (range), **for summary C max and AUC 0-∞ geometric mean/SD (range), and T max median (range)). ASA is salicylic acid (SA) which is obtained by enzymatic hydrolysis in the presystemic circulation due to esterases [24] . Like ASA, SA has analgesic, antipyretic and anti-inflammatory properties [24] . SA's maximum plasma concentration is obtained within 48.6 minutes. The T max of PSE (49.8 minutes) highly fits with SA. Therefore it can be concluded that the bioavailability of of the two active ingredients is fast and well adjusted. Both actives of Aspirin  Complex provide simultaneously sufficient plasma concentrations.
Efficacy and Safety Information
Clinical Efficacy
The clinical efficacy of Aspirin  Complex has been evaluated in four randomized controlled clinical trials [10] [25] [26] [27] . The key points of these studies are summarized in Table 3 . All studies were placebo-controlled, double-blind and sponsored by Bayer AG, Germany. Two studies also included a paracetamol (PAR) plus PSE combination as an active comparator. Two studies investigated Aspirin  Complex using a study design which is following the guidance given in [25] and as a pain reliever (study 2) [26] . Study 1 showed that nasal congestion ASA plus PSE = ASA > PSE > Placebo Endpoint decongestion: ASA plus PSE = PSE > ASA > Placebo was statistically significantly reduced compared to placebo for treatment ASA 1000 plus PSE 60, ASA 500 plus PSE 30 and PAR 1000 plus PSE 60. Numerical differences between ASA 1000 plus PSE 60 and PAR 1000 and PSE 60 were insignificant. As expected the lower dose of PSE in the treatment ASA 500 plus PSE 30 provided a somewhat lower (but still significant vs. placebo) decongestion [25] . Study 2 showed that sore throat pain was statistically significantly reduced compared to placebo for treatment ASA 1000 plus PSE 60, ASA 500 plus PSE 30 and PAR 1000 plus PSE 60. Secondary endpoints provided some evidence of a positive dose-response of ASA and showed some difference between ASA 1000 and PAR 1000 when combined with a 60-mg dose of PSE [26] .
In order to address requirements of the European Health Authority EMA stated in the guideline for fixed medicinal combination products [5] , study 3 compared the combination with the individual active ingredients. This study had two primary objectives: relief of nasal congestion of the combination vs. ASA alone and relief of sore throat of the combination vs. PSE alone. The study did not meet its two primary objectives and failed to demonstrate a statistically significant superiority of ASA plus SE vs. ASA in nasal congestion and of ASA plus PSE vs. PSE in sore throat. Also comparisons with placebo (ASA plus PSE vs.
placebo, ASA vs. placebo, PSE vs. placebo) did not reveal statistically significant differences [27] . This suggests that the study may have lacked assay sensitivity; variability has to be taken into consideration because this study was done in 79 centers in 4 countries and the duration of symptoms at baseline was longer than 96 hours. This is different from studies 1 and 2 which were done in 2 centers each and the duration of symptoms at baseline was 24 hours. The subsequent study 4 also investigated the combination in comparison to its individual active ingredients. This study was done is a single center, using patients having symptoms no longer than 72 hours and using an objective measurement of nasal congestion (measurement of nasal airflow resistance by posterior rhinomanometry) and categorical congestion scales. Pain was assessed for the combination of sore throat pain and/or headache using categorical pain intensity and pain relief scales [10] . The study showed statistically significant differences between ASA plus PSE vs. ASA for the endpoint nasal congestion (Figure 3 ) and between ASA plus PSE vs. PSE for the endpoint pain (Figure 4 ). Furthermore comparisons of ASA vs. PSE for pain and PSE vs. ASA for nasal congestion showed statistically significant differences. All active treatments differed from placebo for the respective endpoints [10] . Results of the objective measurement of nasal decongestion have been confirmed by subjective measurements using categorical scales ( Figure   5 ).
Clinical Safety
In order to assess the clinical safety and tolerability of Aspirin 
Non-Interventional Studies
While efficacy and safety of a drug can only be demonstrated in well-controlled randomized clinical studies, community pharmacy based non-interventional studies (NIS) are a valid instrument for the evaluation of usage patterns, effectiveness and tolerability under real-life conditions [28] . Three NIS with Aspirin  Figure 5 . Study 4: mean (±SEM) nasal congestion relief score before and up to 4 hours after dosing [10] . Complex have been performed in Germany including a total of 3333 patients who purchased the product in a community pharmacy for the treatment of symptoms of a self-diagnosed common cold [29] [30] [31] .
About two third of the patients were female with a mean age of 39 years.
About half of the patients treated their cold symptoms with a first single dose of one sachet, the other half with two sachets, dependent on the severity of the symptoms. The majority of the patients complained of four or more symptoms at the same time before the start of treatment, thus fulfilling the requirement for treatment with a combination product [4] . The most frequent symptoms were blocked nose, headache, sore throat, runny nose, muscle aches and pain and sinus symptoms. Within the entire treatment course of 3 days a total of only eight sachets were used demonstrating responsible self-medication. The severity of the symptoms (from 0 = not present to 4 = very severe) was recorded by the patients before and up to 120 minutes after intake of the first dose of Aspirin  Complex for the most typical cold symptoms (nasal congestion, runny nose, sore throat, headache, muscle aches & pains, sinus symptoms, fatigue, fever/raised temperature and cough). Substantial improvement of the symptoms occurred within the first 15 -30 minutes after intake of the medication, especially for those symptoms which are expected to be relieved by ASA and PSE like blocked nose and cold associated pain symptoms ( Figure 6 ).
After intake of the first dose of the combination product 72% of the patients reported a duration of the treatment effect of 4 -6 hours, 13% of more than 6
hours.The impairment in activities of daily living caused by the cold complaints was analysed before and 2 hours after the first application [32] . While 55.5%
of the patients reported moderate or severe impairment before application of medicine, only 10.2% were impaired two hours after use.Patient satisfaction with Aspirin  Complex was assessed by the Treatment Satisfaction Questionnaire for Figure 6 . Percentage of patients with very severe/severe symptoms 0 -120 min after intake of the first dose of medication [32] . Overall, 94.0% of the patients were somewhat to extremely satisfied with the medication on a seven-point Likert scale. In line with this, about 90% of the patients rated the effectiveness and the tolerability of the medication as "very good" or "good".
In total, 11.9% of the patients reported adverse events. The most common adverse events were classified according to the MedDRA  (Medical Dictionary for Regulatory Activities) system organ classes: gastrointestinal disorders (8.2%; mainly stomach problems, nausea and dyspepsia), cardiac disorders (1.5%; mainly palpitations), psychiatric disorders (1.6%; mainly insomnia), nervous system disorders (1.5%; mainly dizziness) and general disorders and administration site conditions (1%; mainly fatigue). Adverse events in other organ classes were below 1%. No serious gastrointestinal adverse events such as bleeding or ulcers were reported.
Discussion
Common cold or URTI is the most common human disease. The rationale for treatment of URTI with multi-ingredient combination products has already been discussed in a recent publication and the same rationale applies to the combination of aspirin and pseudoephedrine in Aspirin  Complex [4] .
An important part of the rationale is that URTI is a multi-symptom disease with many symptoms occurring simultaneously [7] . A URTI may commence with a single symptom such as a scratchy, dry, irritating sensation in the throat.
However, after a period of usually a day, the disease develops to include additional typical symptoms of URTI such as runny nose, sneezing, sore throat, headache, blocked nose or nasal congestion, cough, sinus pain, watery eyes, loss of appetite, muscle aches and pains, chilliness, low-grade fever, sleep problems and malaise [3] . A combination of aspirin and pseudoephedrine will provide symptomatic relief to the patient for half of these symptoms as the combination relieves nasal congestion, sore throat, headache, sinus pain, muscle aches and pains, chilliness, and fever.
The safety and efficacy of any medical treatment is first dependent on compliance of the patient to take their medicines as directed, as overdosing may lead to an increased risk of side effects occurring and under-dosing may mean that the treatment is ineffective in treating the disease state. A combination of aspirin and pseudoephedrine provides a simpler dosing regimen than taking separate medicines. This improves compliance and makes treatment easier for the patient than taking two separate medicines. In any medical treatment it is self-evident that the simpler the dosing regimen the more likely it is that the medicines will be taken in the correct dose at the correct time. The combination of aspirin and pseudoephedrine in a single dose formula offers the patient the convenience of treating multiple symptoms with a single product and may therefore promote improved compliance to the treatment. This helps support both patient safety and optimal efficacy of the medicine. The combination of aspirin and pseudoephedrine in a single treatment ensures that the two medicines are taken together and since the pharmacokinetics of the two medicines is similar with similar bioavailability this ensures an optimal treatment of multiple URTI symptoms.
No evidence has been found in the literature and the studies presented in this review that the combination of aspirin and pseudoephedrine is inherently less safe than single-active ingredient medicines. Aspirin and pseudoephedrine have different mechanisms of action and they do not interact with each other. There is no evidence for any compounding of toxicity by combining aspirin and pseudoephedrine in a single treatment.
Conclusion
The combination of aspirin and pseudoephedrine provides a safe, effective, and convenient way of treating multiple symptoms of URTI when used as directed.
As with any OTC medicine, it is important that the patient is made aware of any contra indications for the combination therapy and the correct dosing schedule.
Dissolution properties and pharmacokinetic characteristics of Aspirin  Complex provide support for product efficacy as shown in several randomized placebo controlled clinical studies. Efficacy and safety data as well as real life evidence data supports the overall positive benefit risk ratio of Aspirin  Complex.
